Simulation and experiment on impact drop test for hard disk packaging by เรืองฤทธิ์ สารางคำ
 ก	
กกกก
	กก 
 
 
 
 
 
 
 
 
 
 
  ! 
 
 
 
 
 
 
 
 
 
 
"#$%&'(")*+ก,*ก-.)ก/&00","ก.,.) 
"1","ก.!+ก 
.)"!22$$ 
&3ก,*ก- 2551 
  
SIMULATION AND EXPERIMENT ON IMPACT DROP 
TEST FOR HARD DISK PACKAGING  
 
 
 
 
 
 
Ruangrit  Sarangkum 
 
 
 
 
A Thesis Submitted in Partial Fulfillment of the Requirements for the 
Degree of Master of Engineering in Mechanical Engineering 
Suranaree University of Technology 
Academic Year 2008 
ก	
กกกก
	กก 
 
	
	 


 !"#"ก% ก&
	
ก'((
)* 
 
          )+กก 
 
      _________________________________ 
      (%. /.0  1')) 
      +กก 
 
      _________________________________ 
      (%. .. /.ก  03+%) 
      กก (1! ก&) 
 
      _________________________________ 
      (4%. /.1+	  %54	) 
      กก 
 
      _________________________________ 
      (. /.ก  	
ก&)) 
      กก 
     
   
 
 
 
_________________________________  _________________________________ 
(%. /.61  
)   (%. .. /.1  #3%) 
"ก/780ก    )/3
ก0%ก% 
 	
   : กกกกกก 
ก 
(SIMULATION AND EXPERIMENT ON IMPACT DROP TEST FOR HARD DISK 
PACKAGING) 6789:ก; : <6 ก<ก . ก>	 
 ?>
9<>, 95 C>D.  
 
 E>>F
6>7GHD<:ก;I>8กFJI (G-Force) 78ก
:G>ก 
กกกก
กก 
กE>ก;กกกก
 (Free Fall Drop) S:8I
กIFT9U>9V678W6IC>:878กIECDก
FJ76C6ก 
กE>>I
 
กH9678I X 9V>กกกกก 
กE>
CกJ>G>กHDY6กIH9ก6CD9Z

กI X G
E>I9< I[ECD76IE?DI6E>กFE>กIG\ 
>G>>F
6>7GJ7FT9]8<:ก;I>8กFJIกกกกก
 
ก E>
<กกกกกD>I D>C>D D>D D>> D>C>D 
D>D >F
8 JJ กกFJ\ 40, 50, 60, 80 ,90  100 S>
J E>I

<กกกก Y6F
	7กHcH>

J>ก
 กIFก<:ก;
กกกกDF6F
	7กHcH>

J>>G>E?DY9กJ SolidWorks  COSMOSWorks 
?IF6E>กD 
ก E?DE>กF
Cกกกก E>IF>
กกกกก 
ก>G> HDE?D8กกกก 
(Drop Tester Machine) S:89U>878D:G>J]8กกกกก
 G>7GI>8กFJI78HDกGF
	7กกIF>G>T\ก>J97676ก>]8
CIFJT\กDFJ>I?8T[]	ก>F
6>7G [78HDก>F
6>7GFI
JT>8กกกกH9E?DE>กกกกก
 
ก8>IH9HD >กก>7GF
	7ก<:ก;กกกก
DF6F
	7กHcH>

J>>G>6JT>H9E?D9U>F
	7กC>:8E>ก<:ก;กกกก
>กC>กกกกกก
 
 
 
 
 
ก		
	ก   
กก____________________ 
ก	ก 2551    
		ก_______________ 
RUANGRIT  SARANGKHUM : SIMULATION AND EXPERIMENT ON 
IMPACT DROP TEST FOR HARD DISK PACKAGING. THESIS 
ADVISOR : ASSOC. PROF. FLT. LT. KONTORN  CHAMNIPRASART, 
Ph.D., 95 PP.  
 
HARD DISK DRIVE/ FEM/ DROP TEST/ PACKAGING  
 
The aim of research had studied G-Force on the hard disk by free fall impact 
drop test for hard disk drive packaging. The value regarded important factor causes the 
damage while hard disk transportation. Nowadays the impact drop test for hard disk 
drive packaging in industrial is made by sending packaging to both the domestic and 
foreign of laboratory, causes the high cost and time. This research has the objectives 
for study G-Force on the hard disk packaging from below, front, side, top, front edge, 
side edge, vertical edge, corner, from height levels 40, 50, 60, 80, 90 and 100 cm in 
each the direction of impact drop test by finite element method (FEM) and actually 
test. The studies impact drop test by finite element method used SolidWorks for 
created hard disk packaging model and COSMOSWorks program for simulation. 
Impact drop test for hard disk packaging used drop tester machine. The G-Force 
values from two methods were compared for seeking the justice value and reliability 
of the result from this research. The results from this research can be used drop tester 
machine with other package and the FEM can be used the alternative way for drop test 
of hard disk drive package and other package also. 
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GX  =    C@;4DE8@Fก567;:@H4C46Cก4 x 
GY  =    C@;4DE8@Fก567;:@H4C46Cก4 y 
GZ  =    C@;4DE8@Fก567;:@H4C46Cก4 z 
V  =    567;M6 (m/s) 
∆V  =    ก;O>PEQ4CO>@567;M6 (m/s) 
g  =    C@R4<7S:6@28@R>ก g = 9.81 m/s2 
t  =    ;6> (ms) 
mV  =    7
>>
R6>Y 
E   =    5:R7	?>0567QD	=QA:4 (Modulus of Elasticity) 
ν  =    80Y:64O[6\8@ (Poisson^s ratio) 
Hz  =    =4:6Q5:567SPE28@0__` 
m  =    ;7Y 
cm   =    ;\4Y
;7Y 
mm   =    7
>>
;7Y 
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(K.H. Low, Aiqiang Yang, K.H. Hoom, Xinwie Zhang, Judy K.T. Lim, and K.L. Lim (2001), 
K.H. Low, Yuqi Wang, K.H. Hoon, and W.K. Wai (2004), Y.Y. Wang, C. Lu, J. Li, and X.M. 
Tan Y.C. Tse  (2005)) 
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1.1.1 ก	&ก
/*	&กกก 	ก (Drop Tester Machine) 
1.1.2 กก	กก
กก
		 (finite 
element) 
 
 !ก"ก	กก
ก#$%&'"ก!
( )
ก"กก	กก
ก*ก		   ,-ก
)*ก./.0ก	* !กกก
	กก
ก*ก	
	 
"11*!กก	กก
ก /!*ก"!*
2ก"*,-"ก	กก
ก	 1/-!ก" ))
3ก
"*ก		,ก"*,-"ก	กก
ก  
"4 ")!5)*
ก")6	$%&ก"	)
( 7) 5-8 " 

"9ก !*"
)!7*)"0!ก"	)
  (Hitachi Global Storage 
Technologies (Thailand) Company Limited, 2006) กก #*0-ก-กก"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1.2 	
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 	
ก  
1.2.1 ก	กก
ก#F5G+'"ก*ก
      
		  COSMOSWork2007 2,-,-ก)-ก#/ ก'"ก!
#%
-	กก
ก 
1.2.2 "*,-"ก	กก
ก 2,-ก	กก
ก#F5G+
'"ก
".!7*"6	$%&,-* 
1.2.3 "ก	กก
ก#F5G+'"ก*,-"ก	ก
ก
ก 2,-,-ก)-ก#/ ก'"ก!#%
-	กก
ก 
 	

  
1.2.1 "*0**$%&'"ก !*ก$	"ก 
1.2.2 )!7*)!ก"$%&'"ก#ก,ก
* 
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1.3 
ก 
1.3.1 ก!*'"ก-!7*!3", ก (Isometric material) 
1.3.2 ##'"ก-!7*3'"ก# 2.5  )  
1.3.3 !กก	กก
ก
ก!ก;%
-'"ก
กก
"กก
ก)  )2%ก)ก
;-!7*!ก 
1.3.4 '"ก-!7*!$%&
*
ก "ก"*,-
"ก	กก
ก 
ก
ก 20  #*ก"กก
ก*
!ก)ก
;ก)ก"  
1.3.5 )2%6ก
#7, 
%$0 
1.3.6 $5ก*'#&,/),$& (elastic deformation) 
	- 
      
1.4 กก 
 4กก!")# 
)ก3 3 ") , 
4 
".-ก 
,-,-!7*!ก 
  
 1.4.1  !"!#  
  
4 
)3# 	 
1.4.1.1 ก(/ก;
"ก COSMOSWorks2007  
1.4.1.2 กก	กก
ก#$%&'"ก 
1.4.1.3 ก"*,-"ก	กก
ก 
1.4.1.4 กก	กก
ก#$%&'"ก 
1.4.1.5 ก

"6 
 
   	)
# 	
	) 
1.4.1.1 ก(/ก;
"ก COSMOSWorks2007 
ก COSMOSWorks2007 3ก-!7*!กก*5*
4ก		 -ก7)
 COSMOSWorks2007 3ก)
#ก SolidWorks2007 1/-,-,!ก
5*ก	กก
ก (drop 
test) 	กก
ก"
 (free fall drop)   ก
กก#ก 
COSMOSWorks2007   -	*กก#/ 07 ")
ก#$%&
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'"ก 

ก'"ก*ก SolidWorks2007 ก #*
ก7)!ก
 COSMOSWorks2007 2,-ก

"6	)  
1.4.1.2 กก	กก
ก#$%&'"ก 
กก	กก
ก#$%&'"กก!*
ก;%
ก	กก
ก 8 0	- 1.1 
)%"	ก("	#"
	- 1.2 	 
  
	-  1.1 0กก	กก
ก 
$ก #	 	  & &	' 
4$/ 4 
 ก#ก	- 4 
   
/      )         
  ## 
40, 50, 60, 80, 90   100 cm 
# 3 
 ก	- 3 #!!	*
	& 
40, 50, 60, 80, 90   100 cm 
!! 1 
!!ก	* กก#	- 3 
# 
40, 50, 60, 80, 90   100 cm 
 
	- 1.2  %"	2, 9ก("	#'"ก
"กก
ก 
(	)&&!ก) (HDD) &.กกก 
Elastic Modulus = 137.9 GPa 
Poisson ratio = 0.3 
Mass Density = 1410 kg/m3 
Elastic Modulus = 1.7x103 MPa 
Poisson ratio = 0.4101 
Shear Modulus = 377.2 Mpa 
Mass Density = 952 kg/m3 
Tensile Strength = 21.1 MPa 
 
1.4.1.3 ก"*,-"ก	กก
ก 
ก"*,-"ก	กก
ก (/ก;ก,-"-
0)*!*	 *4"*!)!*".*!
, 	* $!	*
%
-*-" 	)".!ก"ก	กก
ก!ก;%
	) < 	-	*ก

.0ก	*#624 
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1.4.1.4 กก	กก
ก#$%&'"ก 
	ก%)) (Accelerometer) #*ก7 	-	*ก
*ก"ก	ก!ก;%
-ก	)"55%-*กก%))#*
กกก 1/-.0ก##/ กก LabVIEW !ก" 
ก"
  8 0 "!	- 1.1 /ก6-*2,-"0)# 		) 
1.4.1.5 ก

"6 
6-*กก"*ก
		 
COSMOSWorks2007 
กก"*,-"ก	กก
ก #$%&
'"ก6-*)"*ก,) 
6ก)-*ก
;-*ก"* 2,-"0)# 	ก
2=	) 
 
1.4.2  	ก 
   !7*".- *%&	(/ก;"#7(ก,-ก (0
,-,
("	 4 
*>	ก(กก6	 (0,-,

("	 6 "  
 
 1.4.3  
! "#$"ก 
   ,-,-!7*!ก
ก* 2 "), 
1.4.3.1 ,-,-!7*!กก	กก
ก 
1.4.3.1.1 2	- LAN Card  
1.4.3.1.2 )7-)* 256 Mb   
1.4.3.1.3 ).2,-ก?#*0)	- 3 Gb 
1.4.3.1.4 
>	ก Windows XP 
1.4.3.1.5 ก SolidWorks2007 
ก
		 
COSMOSWorks2007 
1.4.3.1.6 ,-22 
1.4.3.2 ,-,/ก%-!7*!ก"ก	กก
ก 
1.4.3.2.1 Hard Disk Drive (HDD) # 2.5   
1.4.3.2.2 Accelerometer  3 ก 
  
6 
1.4.3.2.3 กก LabVIEW 
7ก%ก1/-
ก
* DAQ Card, Connecting box 
 "7,-	)
) 
DAQ Card ก Connecting box 
 
1.5 %#&'$  
1.5.1 กก	กก
ก*ก7)
		 
COSMOSWorks2007 "!*?./*
6#,-ก)-
ก#/ ก 
'"ก !ก)$%& ก
"0	) < #ก	กก
ก 2,-"0)ก2=
$%&
4กAก 
1.5.2 3ก)!7*)
-!7*!ก7 ก"	)
( 
,*"#!5) -!7*
%!ก"	) "0  
1.5.3 ".,-"ก	กก
ก-*กก"*2,-!7*!ก"
  !*ก(/ก;,-"!!7*"),- 
".3	*
!ก
ก	!7*ก$%&7,- < *  
1.5.4 2-200*!(ก 
"ก%ก	
4 

"0)ก2=!*,- < -3
7	)")	) 
 
 
 2 
	
ก	
ก 
 
2.1  !
"#$$	 ก 
ก	

กกก
ก !" $ 	%&"%'(	  
)ก&(! *+กก (Fixed disks) 5"6)!)"	)กก)!   !7	
)&	
 
ก 	'&6%( ก !"8ก*9

:;ก (Floppy disk) 5"ก@ก
 !" $ 76)%A" )กB""ก8	ก9
% (Track) 
	5%	  (Sector) 5"%8	
กI("ก5ก6)A !(	5%	 8	
!(
!"!(6""("% !% "A6"%ก986)	5%	 ก
ก@ก7A6กกB""!	69ก@6&
	)76!)! 	( 5" !ก!'&Aก	ก97!ก  !ก(A'&Aก	ก9
ก87!8B	
 "ก6) (	%&"%'(	 6"	%&" 
 
2.2  %ก#$$	 ก  
ก!(
ก	
8!	69ก6&8ก (Platter) 5"กB6
ก )A)!ก@
K )กกก()(!7กกB66%(8
 !L!	! ก !!8 "8B(L!	! 5"8!	69กกI	

"ก 	 B6%(%ก6"8ก (Spindle) ) %(	9(ก
6  (A@ก86(ก	
 5400, 7,200  10,000  ! (rpm) 5"@8B(
ก6"8ก%(@" 8!"L6@	@"7(	9()"A 7

()  
!("กIก!	)V)7*A "B%W%&6(!	) 
(Read/Write Head) )6(!	)88B(	!AA)!ก8B(8ก()
B66(!	)A	

ก	%&7
8ก )	()6!"6(!"
6(!	)ก8ก)!"%" ""
 2.1  2.2 5"6กก7ก
กก	&8)6!"6(!"6(!	)ก8กL	'A)7
 8B6ก7!
@B"7  !
K88ก!6! $ 7กก8'ก6(!	)7("
	'&กกกก8ก ก8กA6"" (7*)"
ก7
()6L 
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(interface) 5"	
!"B6	& !ก!)WW
	V !" $ !"7 "
ก 	! ก  A"V)6L IDE, SCSI  Serial ATA 
ก  A"V)กก6L USB  Fire wire "
 2.3 5"A""
A8B	
 "!"B6 !	ก6!"8!)7*	'&h)'""ก6!	A)")!	()  
 
 
 

 2.1 !(
ก8ก	ก9"ก 
 
 
 
Anatomy of Winchester Disk 
Cylinder 
Patter 
Spindle 
Read/Write Head 
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
 2.2 8!	69ก6&8ก (Platter) '6(!ก 
 
 
 

 2.3 !(
ก"ก 
 
 
Side 0 
Main spindle 
Arm for head 1 
Head stack assembly 
Arm for  
tracking / alignment head (head3) Head 2 
Head 0 
Platter 1 (has sides 0-1) 
Cover Mounting Holes 
(Cover not show) 
Base Casting 
Spindle 
Slider (and head) 
Actuator Arm 
Actuator Axis 
Actuator 
Jumper Pins 
Jumper Power Connector 
Tape Seal  
Ribbon Cable (attaches 
heads to Logic Board) 
Platter
Case  
Mounting  
Holes 
SCSI Interface 
Connector 
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2.3 8	$ HDD 
ก!""ก	&'8 ก	& !8ก6L@!"ก
7	
 4  " !7
A 
2.3.1 #$$	 ก IDE (Integrate Drive Electronics)  
ก IDE 	
!(
 (interface) !	ก! ก	& !)
)' 40 	 ))' 1 	 @ !ก7 2  ( 	 (Mainboard) 
A( ! IDE )! 2 A(()ก B6@'!(" !ก7" 4  ( %(	9("ก
@!))! 8.3 	ก7 /( B6%(8A	')"%! 504 	ก7  (MB) 
	!A 
2.3.2 #$$	 ก E-IDE (Enhanced Integrated Drive Electronics)  
ก E-IDE 7ก's8กก
	V IDE ())'
 80 	 L! (	& !WW (connector) 40 	!	)(กก IDE 5"!()	'hก)V'
กB"6กA )กB" E-IDE A8%(8"ก(! 504 MB 
%(	9(ก@!)"A )"@" 133 	ก7 /( ""
 2.4 
(tก!""ก E-IDE A)"!"ก	
6) A" 
PIO (Programmed Input Output)  DMA (Direct Memory Access) 6 PIO 	
ก!"
)L!ก
(L"5') (CPU) %&8กก	)"5')6&!"
8ก5')7
)"ก 5""6	69(!กB""ก E-IDE A%(
	ก)("ก5') "A8"7!	6กI" "ก	@"ก!)%A"6&
กB"6) $ "'ก	(	)(	)ก(! "(6)Vก8 (multitasking 
environment) 5"ก "	@"ก!)%A"A L6%(@ก
B")(" B" 5"(tก!" DMA 8W 6
ก !" $ !"L!
6&  !7
)"6!()%(8B6ก (RAM) 7) ")7! "  !7
5')ก!
	6&ก(กB"
ก  
)"ก(tก!" DMA 	697	8 	'
	&5')@!"ก"" 	"6	98)7! "'("(!8@กกก(8ก
ก6!()B" 5"@B65')8ก"7(	9(A !"L6)(
%(	9("A 7
()  
 
 
  
 11 
 
 
 
 
 
 

 2.4 กI"ก E-IDE 
 
power supply 
40-Conductor Cable 80-Conductor Cable 
40-Pin IDE Interface 
Master (Factory default) 
Cable Select for Master/Slave 
Slave (Jumper Parking Position) 
Not used    PK   CS   DS 
Blank key 
Cable key 
Cable Pin 1 Yellow code 
P er Sup ly 
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2.3.3 #$$	 ก SCSI (Small Computer System Interface) 
กก5 (SCSI) 	
ก interface  ก !"8ก E-IDE 
)ก SCSI 8กB6%(%กB")	y'5"	)ก(! ก SCSI 
B6%(@"ก SCSI A@%(%กB""
กกB" 
SCSI 7@" 7 A
ก()ก L!)' SCSI ) %(	9(ก@!)
"ก SCSI %(	9("@" 320 	ก7 /( (@"กB"ก6
"8กA 
K88!"	
 10,000  15,000 rpm 5"%(	9(กก(!
	V E-IDE 
!"L6%"ก
	VA%'" )!(6W!8Bก SCSI 
ก"	%&!) (server) 	!A ""
 2.5 
 
 
 
 
 

 2.5 กI"กก5 (SCSI) 
 
 
SCSI host adapter 
SCSI host adapter 
The last device in 
both the internal 
and external chain 
must be terminated. 
Hard Disks 
Internal 
chain 
scanner 
CD-ROM 
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2.3.4 #$$	 ก Serial ATA 
ก Serial ATA A	
กกB"7%())!"ก

K88 A"A	'ก	& !กI E-IDE A
KW6	&""%(	9(7!@
's6%(	9(	!กก SCSI 7 ()	6 A!"L6LL ก66
%(8	%) !	&
6!	)ก(! Serial ATA )ก Serial ATA 
A6 %(	9(ก@!)Aก 150 	ก7 /( )	%) Serial ATA 
A@ก'sA)ก!L's Serial ATA 5"7	L)กB6% B6 Serial ATA 1.0 
A ()%6("(!8@))!"WW (bandwidth) ก!"L!7	'A@" 2-3 
	! )""7ก)"A 7!	y'ก	')"	!Aก	& !
A 
 !)"(7
@"
ก (& $ ก() ()ก's"ก Serial ATA B6

KW6	กA6(!"ก!"L!6(!"5')%(	9("ก (ก"7 )
@B"7)!" !	&"()%(	9("	'กA ()	6 A Serial ATA 8"
	6B6ก	'%(	9(ก@!)"7* (Hard Drive) %  
ก8กA Serial ATA )" ก !"8ก7* interface  Parallel ATA 5"	

)!"	8 	'		*5 Serial ATA A กกB667* (76	
 (
6ก (master) 6& (" (slave) L!!"	& !	7	) A"A	'&%()!")ก
ก  A" กA"ก
	VA" ()""ก@	
)) (hot swap) B6
ก	& !กIAกB"7%()กA	&) $ 
K88 ""
 2.6 
 
 
 

 2.6 กI"ก Serial ATA 
  
 14 
2.4  OPQ O HDD  
%(	)6)	กAกก)!8V{A 	6 6ก	กA8กก!"
6&ก	%&))ก7
)" B6!"6&@ !" $ "Aก8V{ก!
ก!"8"%(B%W)!")" A"A%(	)6)	กAกกA !(6W!	ก8ก

KW6"กกก ก	& 
2.4.1 กก (shock) 
"กก!(ก	ก8กก กกก %(	)6)A)!ก%(
	
""%A ก8กA'&Aก กก%(9"%!76 6กก(ก
กก (cushion) !(() 	! * ' ก กI กIก*ก bubble wrap ก"
% ก"!) (กกก8	
 (!()"กก	กA B6%!)ก(!8B
6% ก6ก	)6)  
ก()(tA@Bก7)ก
!)8V{'
%6 กกก"!'&A "B%Wก%& 
กก "@
%(%	( กกก"8V{A7 )
!) ก" "7!ก6 ("
8V{ (tกก กกกA @)ก7)ก%("
"ก กกก%"()8B(%A"
!)6 ก 6&Bก()ก	'%("
ก7
	&) $ 
2.4.2 ก 
 R (vibration) 
8V{%8	&)!" !	&"6(!"ก!" 5"	

	6 6%	ก%(	)6)76)
ก 	! 
- A!("A!("%6(6&	กก%) ("	ก)() 
- ก	%&ก%(B"% 
- 	ก)!(8กก	) 
- !(
ก"%"A!()ก8กก 
(tก
|"ก%(	)6)"%	&"8กก 6)(t 	! 
- ก(กกก (cushioning) 
- ก6! (blocking) 
- กA"6&6! (bracing) 
- กกL V{6! 6&กก
กB6@'!(" 
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2.5 กกPกกก ก	O 
""กPกกก 
 2.5.1 กกPกกก 
ก( @6"7
กกก( @6"!("A $ 	!  ก ก ก
	 ก กกก"8V{ !" $ 	
 )!ก!6	ก"	กA!("	(A $ 
"ก!( )"	กAA	กA8กก	
)
""	  "( @8กก7ก
กก!("	(A  
 
vmP
vv
=                                 (2.1) 
 
)ก	
)
"	 	)กก)!"(!ก 5"678กก (2.2) 
6&'&A ก* "ก	("
 2.7 
 
 
 

  2.7 ก6%!ก8กก*"	( 
 
umvmP
vvv
−=                      (2.2) 
 
) P   %&  	 	"	"( @ 
   m  %&  ("( @ 
   v  %&  %(	9(ก!ก"( @ 
  u  %&  %(	9(6"ก"( @ 
 
ti tf t (s) 
F (N) 
'&A ก*%& ก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"A%!"	กA8ก ก	
)
"	 A	)กก)!"6"(!
" (impulse) 5"678ก 
 
  ∑
∆
−
=
t
mumv
F                      (2.3) 
 
%! 
t
uv
a
)( −
=  "ก (2.2) 87 
  
∑ = maF                                    (2.4) 
 
) F  %&   "กB !( @6&"'t 
  mv   %&  	 "( @ก!"กB 
  um  %&  	 "( @6""กB 
  a     %&  %(	!""ก	%& 
 
2.5.2 ก	O 
""กPกกก 
  WWกกก (shock pulse) 	
กก6(!"%(	!" (acceleration) 
ก	( (time) "( @7Lก8กก	
)
"%(	9(!("	(A ""

 2.8 
 
 

 2.8 WWกกก (shock pulse) 
 
Signal 
Acceleration (G) 
Shock pulse 
time (ms) 
product 
cushion 
Accelerometer 
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 ()!"กก shock pulse "ก ก)!""8V{กก
'&A )  accelerometer )! (8V{ 8ก shock pulse @ก)	)
	กกL V{7 7!(!8	

"B6L V{	)6) %V'"(กกก
ก%("ก ก
ก ( shock pulse 8	

 ~half sine %("" pulse 	
 (
!"A%(	)6) (damage potential) "L V{ 	'%('tก"กก" 
(maximum force impact) 8กก"(  (Newtons laws) !("%(ก(" pulse 	
 (
"!("	("ก	ก"กก (impact force)  
 
 
 

 2.9 ก(	%6WW shock pulse 8ก%(	!"ก	( 
 
  @ accelerometer  )! (L V{ก!"8V{ )กB66
L V{A กกก"!"ก'&A "A
กก	6!A8	กA)	(A
ก $ 	&8V{L'&A%A"ก %!%(6!(" (Deceleration) %!	
h) ( 8 impact 
	
8กL V{ก(กกก) L V{)"%"	%&" B6	กก
กก(กกกกA "กก(กกก8L V{กA
	!	)(ก8ก"L V{6)ก	%&  (8@กก"  8%6)ก
	%&() ~impact phase 6(!"!(""กกก8ก"@"%!" (peak value) 6& 
Vi       Vr 
V=0 
Vr 
Vi 
Acc (G) 
Peak G 
time (ms) 
rebound impact Shock duration 
Velocity = 0 (prod stop) 
max cushion compression 
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peak G  8 G " L V{86)(6"  8A%!ก (compression) 8" 
""
 2.9 
 !("ก	"ก (rebound phase) A(กกก8L V{A B6%
	%(	9()	"ก8ก(กกก !("A%(	9(8%!) $ "8ก"
6)" 5"	6 กA"6A	กA)	(	')" 2 ms  100 ms A)!ก'&A
%A กก 87%! peak G 8ก 
 
time
changevelocity 
onAccelerati =                    (2.5) 
 
 ก* shock pulse 	
กก6(!"%(	9(y' (instantaneous acceleration) 
ก	(6(!"กกก "A%! acceleration 678ก 
 
dt
dV
onAccelerati =                      (2.6) 
 
8กก (2.5) @	'8"กก )ก integrating the acceleration 5"
@6%(	9(7	&	 integrate %(	9(	)ก	( "A		)กก)!"6"ก9%& ก
6'&A ก* shock pulse 
 ก8กAก%B(6%!%(	!"	y) (average acceleration) @67)ก
Bก	
)
"%(	9(6()	(A"6  A" !( @L'&A	กกกก8ก"
ก	"ก (6()%!"@!("ก (g) 	'&	
) acceleration 	
%! G 6&ก!(ก)
6"(!%! G 	
%!	
)	)(!	
ก	!"%(	!"ก "8678ก 
 
g
1
durationshock 
change)(velocity 
 G  Average ×=                     (2.7) 
 
g
1
t
∆V
 G  Average ×=                       (2.8) 
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2.6 RRU8
$กPกกก 
2.6.1 Drop Height Sensors  
กก8V{A8B	
 "
K88) !" $  	ก)("ก
"(ก!" 	! 6V %(&A't (RH) ก8กA 8B	
 "%(
"ก กกก (drop height) %("กกก (shock level) "A8"
ก's
ก	9ก 5"@ 7
ก8V{6(!"ก!"7 5"
กA
8	
 (ก	6 ก	กA6(!"ก!"% @ก !" $ 	! 
	( ( ก	
)
"%(	9( )	("กกก (shock duration) %! G %(
"ก กกก 	
  8ก"ก!(@Bกก8V{
	6 !7
 )!"7ก9 %(@ก	ก9"	%&" !!7!	!ก "A
ก	&ก5&A data logger "  "(! "ก7"  ""

ก5&A()  ()!"" Drop Height Sensors 6& Data logger "
 2.10 
 
 
 

 2.10  ()!" Data Logger/Shock Recorder 
 
2.6.2 Triaxial accelerometer  

ก() accelerometer 3  A"yก5"กก 5"@ก shock 
pulse 7!(!8 ก8ก%("h" ""
 2.11 
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
 2.11 กI" Triaxial accelerometer 
 
 3 ก @(	%6 ) Triaxial accelerometer 7)!" "7
 " 
  ก 1 : WW	)(	กA "(!% ก"'&A )กกก
B	(A"กก!" (
 2.12 ก) 
ก 2 : WW	กA 2 WW ก กก	ก accelerometer 
 (กก กก87!WW @ pulse A" 2 	6&ก 8
L7(! ก
 กกB 45 "h' (
 2.12 ) 
ก 3 : 6ก	กWW 3 	6&ก "(!	กก กก)!"
 (8ก'&A	!ก (
 2.12 %) 
%(	
7
7ก	กกA" 3 A	
7
7)ก !(6W! shock pulse A" 3 
ก8 ก !"ก "A ก6%! G 8 " vector algebra !()ก(%! G  !
ก6	
 1 %! "ก 2.9 
 
 
(ก)  ก กกก" () ก กกก (%) ก กกก 
 

 2.12 A"ก@(%!() Triaxial accelerometer ) " 
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2
z
2
y
2
x GGGG ++=                      (2.9) 
 
8กกhกI%(	
7
7ก กกก"8B( '&AL(  "ก!"
	
 6, 12  8  B 
 
2.6.3 R$ กPกกก (Drop Test Machines) 
	%&"ก กกก)
!) ก)!" (free fall) 
ก()
L!"( กก(!"7 5" "	%&"ก8ก ()!"8 6ก
 ()!"กL!"6(!"	%&" 8B6 ()!"67! ก"'&A )	
ก")!"B	 %(""L!"@
7 ""
 2.13 
 
 
 

 2.13 	%&"ก กกก 
 
กก	%&"ก กกก %(" B8 ""ก(!%(
)("	& !L!"8V{ 5" "7!'&A )A8
ก  accelerometer 	'&("กก6(!"ก ก %(9""'&A@	
)7
 %( "ก "	%&"A 	&	
)	)กก
!) ()!"8ก& %&@B6
 ()!" กก	(ก6&7)!" 
 2.14 " ()!"	%&" drop 
test  !" $ 
Test Pkg 
Platfrom 
drop 
height 
steel plate 
pull away 
swing arm 
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
 2.14  ()!"	%&"ก กกก 
 
2.6.4 R$ กกก%ก
O
U$	 
	%&"กกก)!"ก6(" (vertical shock machine) ก
8B ()!" ก กก 5"%(%()ก A" 2  8V{ ก
กก  L V{8@ก)กA7
%(" "ก ก  ~air brake 	
 (B
6 )!%("กB6 	&'" 8@ก
!)6 ก" 6"8กกก	"ก 
~air brake 8	
 (87!6  ก"7
ก (
 2.15) 
6(8B%W"	%&"A%& @ A"
ก'&AL(%8 กก)!
  7 @ ก"!"' ก9" 	)ก(! plastic programmer 6ก ก"ก6&
กกกกh)! 	)ก(! gas programmer '&AL("กIA	
ก8B"ก ก
"'&AL(9" 	! %ก  	69ก !('&AL(! 	! cushion ก  A" accelerometer 
 	'&ก shock pulse 
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
 2.15 	%&" vertical shock machine 
 
"	%&" vertical shock machine 	6& drop tester %& @
%6W!ก $ h"" ()!" กก@%(%7"!) '&AL(8 ก
ก @	&ก7A" 2 	%&" (drop tester  vertical shock machine) B6	)
ก ก)!" ก A"%("B6 drop tester @ A"7 %("8"  !7!@
BAก vertical shock machine 	'ก กA8"ก(! free fall drop  %("
	)(ก %7!	)6)	& ก8ก" 12 A( )(t free fall  !8'")	)	&  A"
 shock machine 
!)8ก" 10 A( )	y'	& A"
ก	
 plastic 	6 
%&ก ก)!"%ก'&A)!"  !B6 shock machine 	
กก6(!"
%	%&  	%&กก'&A  %ก'&AA"%!%(	9(
	!ก A%7!7ก'&A"  !กก 	%&("A ก"
%& (ก	
)
"%(	9(" 	()ก 5"@%B(78กก 2.10 
 
ey Changle Velocit Shock Tabity pact Velocee Fall imMaximum Fr =        (2.10) 
 
shock pulse 	กA) shock table @	
' ก
ก 87	
 half-
sine wave  !@ ก"ก
ก 87	

 square wave 
 
 
gas 
guide rod 
tie 
down hoist accelerometer 
plunger 
pad 
plastic 
programmer 
gas 
programmer 
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2.6.5 Horizontal and Inclined Impact Tester 
Horizontal impact tester "กก"" 87!'&A
	)" "A " (6%	%& !( Inclined impact tester (
 2.16) A "
@!(""ก!()ก	%& B6ก"กกA" 2 ก 8@
	
 ('%	%& 5"6@ (8) 89" ก6ก7!
@@%) "ก97 !(	
 ("กก@	&ก7 )(7
	%&"
A	)@ก8	กA6(!"ก!" 	! ก ! @7* ก	&ก!"8ก
@ก)'&A	)" 
 
 
 

 2.16 	%&" Inclined Impact Tester 
 
2.7 	
กก
ก$ QY
Z 
	
ก
กก	  !"#$ก%!	

ก
ก&'()**+ 'ก
ก"ก$,ก	ก 	
'-ก"ก$
-

ก
ก(."!/-%-ก0 1$!"#"ก	
&!)&-

กก.กก!1	ก) !,)ก$ 2 .)"
 
K.H. Low, Yuqi Wang, K.H. Hoon, and N. Vahdati (2004) )	/ก30ก%4$	
ก0ก
ก.กก!1	ก		3 29  ก/$"1ก-&-5..6.กก
&-7	
 0.5 m ก/-
$ก%!	3	ก.กก!1	ก 4 $ก%! &'  
$  1$!$ 17"	
 2.17 
 
Accelerometer 
Shock programmer 
Massive 
backstop 
Test carriage 
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
 2.17 1/$	3	ก.กก!1	ก K.H. Low, Yuqi Wang, K.H. Hoon, and N. 
Vahdati (2004) 
 
5'71'ก&-	
ก!	/ก.		3-
&	7" G- Force 	

ก01$	/ก"
	
ก4$	
)กก	 &'	ก.กก!1	ก (Drop 
Tester) .ก	!"!ก		3กก ก!1	ก$)"ก$ก!%
1$	/ก	 1.ก/$!	/ก/$5
1&		3	
"!กกกก
ก!1	ก	804$	
)ก,&$ก 17"	
 2.18 7"	
 2.19 1$!7"	
 2.20 
 
 
 

 2.18  4$กก/$ก.กก!1	ก-'$"$
1"$)" K.H. Low, Yuqi Wang, 
K.H. Hoon, and N. Vahdati (2004) 
Back drop, at 0 ms  Back drop, at 28 ms  Back drop, at 80 ms 
 
 
  
(a) Bottom drop (b) Side drop 
(c) Front drop (d) Back drop 
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
 2.19  ก	&'	ก.กก!1	ก K.H. Low, Yuqi Wang, K.H. Hoon, 
and N. Vahdati (2004) 
 
 
 

 2.20  4$กก/$ 1$!กก.กก!1	ก K.H. Low, Yuqi Wang, K.H. Hoon, 
and N. Vahdati (2004) 
 
Simulation 
Experimental 
Ac
ce
ler
at
ion
 (G
\s)
 
Time (msec) 
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Y.Y. Wang, C.Lu, J. Li, X.M. Tan, and Y.C. Tse (2005) 	/ก/$ก.กก!1	ก
&'()**+(		3"#.ก30ก% ก/$"1ก-&-5.
.6.กก&-7	
 0.5 m .กก!1	ก 6  &'  $   $ 
1$!-- 5'717" G- Force 	
ก!	/ก		3-
&	 1$/4$	
)"
	

ก4$	
)กก	 $ก%!ก	
!&$ก K.H. 
Low, Yuqi Wang, K.H. Hoon, and W.K. Wai (2004) 1$!4$	
ก-ก,&$ก 1
7"	
 2.21 
 
 
 

 2.21  4$ก/$ 1$!กก.กก!1	ก Y.Y. Wang, C.Lu, J. Li, X.M. Tan, and 
Y.C. Tse (2005) 
 
"(8)" Tong Yan Tee, Hun Shen Ng, Chwee Teck Lim, Eric Pek  Zhaowei 
Zhong (2004) 	
ก"(8)6"7BกhกI%(	)6)8	กAกL"("8"
	%&"7**|(!	&L"("8	กก กกก(8	ก%(	)6)6&7! 6(!"8
V{ 2  	'&6
"8V{	6กL"("8 
8ก"(8)ก!("  8กก&%"L(8)'(!	ก)(กก
"8V{กA)"7!ก(8)ก!7BกhกIก! )!"7ก9 กhกI
ก@"ก กกก"8V{%(B%W)!")"	'&"(!L V{
L A!" !7
)"ก%A87!	ก%(	)6)8กก กกกV) กB6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 3 
	
 
 
	
กกกกกก !!"ก (Hard Disk Drive 
Packaging) ก
3!45"6 40, 50, 60, 80, 90 > 100 @5 (cm) B>กกก
กกก!CDC !C>E !CC !CDC !CC !3 >55 F!	
GH>
3ก!ก !!"ก
3	6EB B6I3ก45E (G-force) 
>454C (Stress) B	
Eก!Pกก 2 "E 4I กP>กก
กก!C	Fก54DRSR>5 (Finite Element Analysis : FEA) F!	BZC
Fก5ZE	4DRSR>5 COSMOSWorks2007 >ก!"!C	4I3!"
กกกก (Drop Tester Machine) !	>
	!
 
 
3.1 กกกกก
ก !"#$%&%$$ 
กP>กกกก !!"ก!C	Fก54DZE	RSR>
5 F!	BZCFก5 COSMOSWorks2007 @3BกP>กP	BCCกPD! 
 !!"ก
3BZC !!"ก! 2.5  @3 !!"ก
3BZCB4I345GGกG 
(Notebook) F!	G !!"ก (HDD) "!I!
	 (Isometric material) BกP>
กกกกR5EPกGก>Eก! >Gก>
3	6E
"!BZE	I!D	EZ"CE (elastic deformation) @3g
กE!
 
3.1.1 ก
'ก COSMOSWorks2007 
Bก4DhiDก5!C	g
ก4DRSR>5 

3"P4i	ED34I ก!"45j6กCH>
3R!Cกg
ก4D
RSR>5 	
	g
ก4DRSR>5 GI3D G-Force 
3ก!ก
Z!" F!	BZCFก5 COSMOSWorks2007 Bก4DhiD !Bก
!"45j6กC"5jPR!CF!	PกP>กกกก !!"ก 
3
!45"6 90 cmF!	G4E G-Force 
3R!CกกP>!C	Fก5 ZE	4D 
COSMOSWorks2007 
	
	กC56>ก!" ก Z Fก>>" 
4FF>	
 (R	) Pก! !"!B
3 3.1 F!	G4E45H!G>! (error) 
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100%
G
GG
error
Experiment
SImulationExperiment
×
−
=                 (3.1)
  
	EกD4E45H!G>!DEก!"กกP>กกกก
BกกกกกB>กกกกก!C>E 
3!45"6 90 cm 
 
%58.6
100%
131.38
02.40138.311
error
=
×
−
=  
 

3 3.1 
	
	H>กP>กกC56>ก!" 
Acceleration (G) 
Directions 
Simulations Experiment 
Error 
(%) 
Bottom 140.02 131.38 6.58 
Front 75.72 63.28 19.66 
Side 53.12 48 10.66 
Top 108.38 105.58 3.60 
Front Edge 71.26 67.48 5.60 
Side Edge 95.34 89.45 6.58 
Vertical Edge 55.33 43.78 26.37 
Corner 58.34 46.02 26.78 
 
กก
	
	H>
3R!Cกก!">กP>"!BDCDnj45
EZI3jIH>กกP>กกกก !!"ก!C	Fก5 
COSMOSWorks2007 กกก
	
	H>กP>กH>ก!">C ก
3
Fก5
3BZCB	4Fก5ก4C@3	E5R!Cก!"5	E!
	3
>Cj45j6กC กก
Fก5!ก>E
	R!C45	5BD>	 !
DEZI3jIR!Cj45j6กCH>ก4P
3R!CกกP>!C	Fก5 
COSMOSWorks2007 
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3.1.2 FGHIJK$L$

'ก$M M 
F!	3R>C !!"ก
3
	5GC5	C	DI"E C	6EB
 @3BH>E>Z!กn5
"Eก	BกEกกR 
EF!	"EBDiEก!C	 ก>Eก!
3BZCH> "!กกก>
H> P!
	ก !!"ก
3BZCB	
 !C	  !!"ก! 2.5 
 P 20  "!กกก!C "!กกก!C>E >ก>Eก!>6กS6ก !
	>
	!ER
 
 3.1.2.1 L$

'ก$%
$& (HDD) 

3ก!
>CE>ก !!"กF!	3R กR
!C	Z"ED>	Z"E ZE 5ED>nกDI!"ก (Platter) @35
>กก>5>5

5"PD445กD5!"ก (Spindle) GC5DE >"EกI3 o  
 
 
6
3 3.1  !!"ก ! 2.5  
 
3.1.2.2 ก!ก
O 
ก>Eก!
3BZC !!"กBก!"
 ก>E
ก!>6กS6ก!กC 23.5 cm 	 23.5 cm >"6 16.5 cm !6
3 3.2 F!	B
	
 Gก>Eก!>6กS6กBก
ก!"!C	4I3!"กก
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กกE B"EกP>!C	Fก5ZE	4DRSR>5 
COSMOSWorks2007 R5EGก>Eก! 
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
3 3.2 ก>Eก! !!"ก 
 
 3.1.2.3 '
Hกกก 
"!กกก
3BZCB
FG>
g
>
 45DE"6 
(Highpdensity Polyethylene: HDPE) @3G>"กF5G>" DIF5G>"ก 
(Thermoplastic) Z!D3 F!	
34"5"!
"5jD>5R!C!C	45C 
>n5I3D653P> PBDC"5jPก>5BZCBD5ER!C >5
4j6ก F!	B

3BZCB	4
 ก!C	"!กกก 2 Z"E 4IZ"E!C>Z"E
!C>E !"!B6
3 3.3 > 3.4 
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6
3 3.3 "!กกก!C 
 
 
 
6
3 3.4 "!กกก!C>E 
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3.1.3 HIJK$L$

'ก$ 
กCกPD!
3R!CกPD!RCBก	 B	
Pก
G"EกP> !!"กก 3 "EกD>ก!
	>
	!ER
 
 3.1.3.1 L$

'ก$%
$& (HDD) 
!
3R!Cก>ERCBCE !!"กก
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"Eก!C	
Z"EE o D>	Z"EZE 5ED>nกDI!"ก Z!DE >!Z"EI3 o 
B	
5ECก4EI3ก45E
3ก!ก !!"กD>ก R5ER!C
GBE>Z"Eก	B !!"ก !BกP>กกกก
 !!"ก!C	Fก545G Pก"CP> !!"ก!C	Fก5 
SolidWorks2007 F!	GHE"
3D>
3	5E!"!B6
3 3.5 F!	R5EG
"EกI3 !!"ก !
3R!C"55qRC  
 
        
 
ก)  !!"ก     ) P> !!"ก 
 
6
3 3.5 6E !!"ก ก)  !!"ก ) P> !!"ก 
 
3.1.3.2 '
Hกกก 
"!กกก
3BZCB
FG>
g
>
 45DE"6 
(HighpDensity Polyethylene: HDPE) @3"!
35
6EHE!45DEก3
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HE !P>"!กกกPก6!C	Fก5 SolidWorks2007 F!	BDC
5
6EF!	54>C	กC EPก>!45">@@CZ>GI3PBDC
"!กEก4D!C	Fก54DRSR>5 "!กกก!C 
>"!กกก!C>E !"!B6
3 3.6 > 3.7 5>P! 
 
 
 
6
3 3.6 P>"!กกก!C 
 
 
 
6
3 3.7 P>"!กกก!C>E 
 
 35 
3.1.4 GQกกกกก 
กกP>กกกก !!"ก B	
E
ก 2 "E4I "Eก"CP>6E !!"ก F!	BZC
Fก5 SolidWorks2007 >"EกP>กกกก !!"กBZC 
COSMOSWorks2007 F!	35กก"C6P> !!"ก "!กกก!C
>"!กกก!C>E "55q
3R!CกPD! F!	!!Zก! !
6
3 3.5() , 3.6 > 3.7 5>P! กZ"EP>
3R!CP5Pกก (Assembly) 
D>กกP> !!"ก>C PP>!ก>EC"6Eก
4D!C	 COSMOSWorks2007 F!	35กก>Iก4DhiDกกกก 
(Drop Test) กPD!4"5"!"5 5
3 3.2  กกPD!>กก
กกก>!45"6กกกก !
3 3.3 กPD!>กก"5H"
DEHP>Z"EกD5! Pก"C5@ (Mesh) P>
3BZC
Pก	 B"!C	PกP>กกกก !!"กBE>
65
3กPD! 
3.1.4.1 กกกRก"#$HIJK$L$

'ก$ 
กP>กกกก !!"ก B	
R5E
Gก>Eก! F!		ก>EกR!C	 "!กกก!C>E 
 !!"ก! 2.5  20  >"!กกก!C 
กกก 
PR!CF!	35กPZ"EP>"!กกก!C>E กPP> !!"ก
5กก"!กกก!C>E4 20  >PZ"EP>"!กกก
!CC5ก !6
3 3.8 
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6
3 3.8 กกP> !!"ก 
 
P> !!"ก
3R!Cกก
PC"6E 
Fก5ZE	4D COSMOSWorks2007 GI3Pก4D 
BFก5ZE	4D 
COSMOSWork2007 "5j4DhiDR!CD>	6 @3	
BZCก4D
hiDกกกก	E"B>45"6E o !"!B6
3 3.9 
ก
4DhiD Drop test R5EC"CP>GI
3กกกก5
E	EB! 
 
"!กกก
"!กกก!C>E 
 !!"ก 
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6
3 3.9 ก>Iก4Dกกกก (Drop Test) P> !!"ก 
 
3.1.4.2 "HJ' กG'
HM M 
กกPD!4E4"5"! I3กกก	!
IC F!	5ECR	กก4EI3ก45E
3ก!ก !!"ก !R!C
PกกPD!4>กE o B6	EE	GI3BDCDnFC5>45RR!CB
กBZCFก545G GI3Pก4DhiDB>กกก	E" F!	
กPD!BDC !!"ก"!"I!
	 
35
4EF5!6>"45	I!D	E (Yongss Modulus) 
Eก 137.9 GPa "Eh@ (Poissonss Ratio) Eก 0.3 >45DE5> (Mass 
Density) Eก 1410 kg/m3 "PD"!กกก!C>!C>E FG>
g
>

45DE"6 F!	5
4EF5!6>"45	I!D	E Eก 1.07 GPa "Eh@ Eก 
0.4101 >45DE5> Eก 952 kg/m3 !"!B
3 3.2 
BกP>R5E
Gก>Eก! >R5E4!H>กก45ZI>D65 
 
 
 
 
 
4Dกกกก 
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
3 3.2 4"5"! 
"HJ' L$

'ก$ '
Hกกก 
Yongss Modulus 137.9 GPa 1.07 GPa 
Poissonss Ratio 0.3 0.4101 
Mass Density 1410 kg/m3 952 kg/m3 
 
3.1.4.3 Fกกกกก 
ก!"กกกก" (free fall) 55qก
!"Pก!" 10 ก
 4Iกกกก!C>E !C !CDC !CD> !C@C	 
!C 55 > ก55 3  B"EกP>กกกก!C	 
COSMOSWorks2007 กก	
R!CPกP> 8 ก
 4IกP>กกกกก
!C>E !C !CDC !C 55 >ก55 3  !6
3 3.10 I3ก
6EP>
3BZC5
>ก
3D5Iก 2  4I !CDCD5Iก!CD> >
!CD5Iก!C@C	 !B!กกกก!CD>>!C@C	กR !6
3 
3.11 > 3.12 
 
 
6
3  3.10 กกPD!กกกก 
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
3 3.3 6กกกก 
Sกกกก "'F (cm) 
 !C>E 40, 50, 60, 80 ,90, 100 
  !CDC 40, 50, 60, 80 ,90, 100 
 !CC 40, 50, 60, 80 ,90, 100 
 !C 40, 50, 60, 80 ,90, 100 
!CDC (1) 40, 50, 60, 80 ,90, 100 
!CC (2) 40, 50, 60, 80 ,90, 100 
 !3 (3) 40, 50, 60, 80 ,90, 100 
 55 40, 50, 60, 80 ,90, 100 
 
   
(ก) !C>E     () !C 
 
                
(4) !CDC     () !CC 
 
6
3 3.11 P>กP>กกกก !!"ก B>กกก
กกก (ก) !C>E () !C (4) !CDC () !CC 
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() !CDC     (w) !CC 
   
(Z) !3         (@) 55 
 
6
3 3.12 P>กP>กกกก !!"ก B>กกก
กกก () !CDC (w) !CC (Z) !3 (@) 55 
 
3.1.4.4 R%GGก#
Mกกกกก 
>กกกกก !!"กB	

กกกก" (free fall) @3B COSMOSWorks2007 "5jกPD!กก
>กกกกกR!C 2  4IกPD!!45"6กกกก >กPD!
45nBกกกก B	
>IกกF!	กกPD!!45"6E o 5
3R!C
กPD! BE>6กกกก5
3 3.2 F!	45"6
3กPD! 4I45
"6
3!กGIjH3P"!P> !!"ก >กPD!FC5
jE (gravity) !	E6
3 3.13 
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6
3 3.13 	EกกPD!I3Rกกกก!C>E
3!45"6 40 cm 
 
3.1.4.5 กก#
ก'U'ก'$ 
5I3PZ"EกE>Z"E5ก (Assembly) BDC
P> !!"ก5
3Cก กกPD!4>กก"5H"DE
HZ"EกD5!F!	 Pก"5H"DEHD5!Eก 204 H"5H" 

35
45"5GgDEH"5H"	6EB>ก
3 !!"กR5E"5j4>I3
3HEHZ"!
กกกBE>R!C (No penetration)  !"6EH (node to surface) !"!B6
3 3.14
ก>E4I5I3jก!กกกกกGI>C H"5H""5j4>I3
3กกกR!CER5E
4>I3
3HEHZ"Eกก>ก 
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6
3 3.14 45"5GgH"5H" No penetration B>ก Node to Surface 
 
 D>กกPD!H"5H"P>>C กEZ"E
กD5!ก>5>nก o F!	5
PD>	 o >5 E5
PPก!R!C 
(finite element mesh) @3BFก5ZE	4D COSMOSWorks2007 "C>5
6"
3DC (tetrahedral solid) F!	!>5กPD!BDC5
!!"!B6
3 3.15
F!	
3!>5 (Global Size) Eก 13 5>>5 (mm) >!45HI3 (Tolerance) 
Eก 0.65 mm @3!>55
4E
	ก"CHE6	ก>ก>5
3>nก
3"!
3          
>5D3>5R!C 
 
Component 1 
(source) 
Node on 
the surface 
Small area on the target 
associated with the source 
node 
Component 2 
(Target) 
Component A 
Component B 
Cannot entities 
do not have to be 
initially touching 
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6
3 3.15 !>5
3BZCBก	 
 
3.2 ก
'
"R
'กกกก (Drop Tester Machine) 
 ก!" !!"ก!C	4I3!"กกกก 
3BZC
Bก!"!C	 "!กกก!C>E 4>ก (Acrylic) 20  @3"!
3BZC
 !!"ก >"!กกก!C >CPR>Bก>E กPR
!"กกกก 
3!45"6>>กกกกก5
3กPD! @34I3
!"กกกก
3BZCB	
4I3
3"C5 !Bกก

G 3 "Eก ก>E4I"EกG4I3!"กกกก "E
3"
Fก5
3BZCBก!4EI3ก45E >"E"!C	ก!"กกกก
 !!"ก 
3.2.1 "R
'กกกก 
F!	3R>C4I3!"กกกก5
D>	>ก	6Eก>กก
!" ZE4I3!"กกกก>
	 (horizontal and inclined impact 
tester) 4I3!"กกกก	EกDB!3 (vertical shock machine) 4I3
!"กกกก	E" (free fall drop) @3B	
กกกกกก
 !!"ก	E" !"C4I3!"กกกก	E"5
GI3Pก!" 
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3.2.1.1 ก'"R
'กกกก 
4I3!"กกกก>E	ก	E"
3"C"PD
ก!"B	
 ก!C	"EกD>ก 3 "E "EกF4"CD>ก
"PD	!G>
3BZCกก>Bก4>I3
3>Z!
3Pก!" 
"E
3"Z!"PD!" F!	B"E
ก!C	@3
EกZ!>6กz
3BZC"PD4>I3
3>5!45"6Bก!" "E"!C	E
กกกก@3Pก4ก
F!	5
E"PDBDC
4>I3
3HE>RR!C GI3BDCกกกEF!	 !6
3 3.16 >6
3 
3.17 
 
 
 
6
3 3.16 P>4I3!"กกกก (Drop Tester Machine) 
 
F4	!G> 
Z! 
E 
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Bกก4I3!"กกกก !45"6
3"5j!"
R!C	6EDE 20 cm j 120 cm F!	
3!ก!45E (Accelerometer) ก !!"ก
ก> @3	6E	Bก>E
3Pก!" GI3!I3ก45EDEกก
กกกGI 
 
 
 
6
3 3.17 4I3!"กกกก (Drop Tester Machine) 
 
3.2.1.2 #กกG"R
'กกกก 
4I3!"กกกก
3BZCB	
j6ก"C	BCCPก!
I34EBZCE	Bก"C4I3!" !5ECBDC"5jPR!C!
>j6กC5ก

3"!E
3RR!C @3D>กกP4I3	ก4>I3
3>	E"!C	PDก

3Pก!" F!	5
454!
3EPDก
3BZCBก!"5

PDกC	กEPDกZ!Z @35I3	กZ!ZR>C>E	ก
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	E"Z!Zกn4>I3
3>5!C	45n
35กกEPjGIกE>C4E	5!C	

3Pก!" !4>I3
3กกกGI	E" 
Z!
Z!"4>I3
3>RBHE4ก

3GI"PDกก @3
R!CกZEBDCZ!>RR!C PBDCHZ!
3Z!"	6E3PกE
!GI
3กก PBDCR5Eก!กก@Pกกก!Cก>Z!
Z!" 
3.2.2 ก
'กกกกGHIJK$L$

'ก$ 
3.2.2.1 ก
"!Mก
' 
ก!4EI3ก45Eกกกกก
 !!"กB	
BZCก!45E (Accelerometer) Z! 3 ก (Triaxial) Eก DAQ 
card ZI35ECก45G>CPก!!C	Fก5 LabVIEW 8.5 F!	Fก5
3BZCB
ก!4
H6C	
	GI3BZCB	 !"!B6
3 3.18 F!	ก4E!RSS~ 
(Voltage) 
3R!Cก Accelerometer C5>Pก>
3	4E!RSS~4EI3ก
45E F!	 1 5>>F> (milivoltage; mV) 5
4EEก 100 G !6
3 3.19 
 
 
 
6
3 3.18 DCEFก5
3BZCBก!I3ก45E 
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6
3 3.19 Fก5>>	 (Diagram) 
3BZCBก!4EI3ก45E 
 
3.2.2.2 ก'กM Mก
"! 
ก!"Fก5
3BZCBก!4Eกก!"!C	4I3
!"กกกกกPR!CF!	กPFก5
3
	R!"กก"3
4!
	GI3!4E45j
3Bก"34>CP5
	
	ก4E45j
3
3~BDCก
4 H>
3R!C"!BDCDn4E
3Bก>C4
	ก !"!B6
3 3.20 !กH>ก!"!ก>E
"!BDCDnEFก5> Accelerometer 
3BZCBก!"5
45j6กC"5j
PRBZCR!C 
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6
3 3.20 
	
	45j
3
3~BDCก4ก45j
3
3R!CกกFก5 
 
3.2.2.3 	ก
' 
Bก!"กกกก !!"ก!C	4I3
!"กกกก5
>	>
	!Bก!"!ER
 
1. ! Accelerometer CกHE4>ก!C	"ก6>
ก!C
>	"	!PREก DAQ !6
3 3.21 
 
 
 
6
3 3.21 ก!"	!ก DAQ > Accelerometer กHE4>ก 
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2. PHE4>กP 20  
3BZCP> !!"ก5
กCกZ"!กกกF!	BDCZ
3! Accelerometer 	6Eก>
>C>Bก>Eก!>Pก!ก>EBDC" !6
3 3.22 > 3.23 
 
 
 
6
3 3.22  กกHE4>ก
3! Accelerometer Cก"!กกก 
>CP>ก>E 
 
 
 
6
3 3.23  กHE4>ก
3! Accelerometer Cก"!กกก>CP>ก>E
GC5กEก!Hก 
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3. Pก>E
3ก
3 2 RPกZ!
!" F!	B65
3กPD! >C>I3Z!R
3!
45"6 5
3R!CกPD!>CPก>E	BDCก	E" !6
3 3.24 
 
 
 
6
3 3.24  !!"ก
3GC5Pก!"กกกก 
 
4. ก4E
3R!CกกFก5
3BZCBก! 
5. Pก!"@P!5F!	>
3	6>45"6
กกกกBDC45
3กPD!5
3 3.2 
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	กกกกกกก
 ก "#$ก% &'ก	 2 '% )* กกกกกก
$%&+ก,-'%&% ).&#/#  , COSMOSWorks2007 กก
$%&)*"กกกก *"ก"-$&$%& ก% 20 
 ก; "ก <; " ก%" 5 ><"	 ก%"&?'ก 
*"ก% &,'$@<กA)'B"&"ก <ก ?" 4.1 ><"	
ก%&')%,)$ "#$กกกกกกก$' (Bottom) "
)%,? 90 cm 
 
 
 
?" 4.1 )%,)$กกกก$' (Bottom) ก)%,? 90 cm 
HDD 5 
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%&'"#$กกกกกกก$' ")%,? 90 cm +&;  
)%,)$ "ก <ก ก%" 5  ก &%ก?กก
กก*" O .$"#$ก'กก#&&'# 
 
4.1 ก

ก
กกก 
!!"ก 
% &#$กกกกก ก @ 8  @
กกก)* กกก$' $.$ $$ $ $.$ $$ 
% " ,, +&' @ก..$,กกกก)%,? 40, 50, 60, 80, 90 
 100 cm ก @กกกก %,., 48 ก +&,ก
'# 
4.1.1 ก

ก
กกก!#
$%
  
กกกกก ก+&.$$'
กกก;* ")%,?%ก %$'S<;*"กกก'ก 
40, 50, 60, 80, 90  100 cm ก"#$" 4.1  ?" 4.2 
 
" 4.1 ",ก"กกกกก กกกก
กก$' 
Maximum Value 
Height (cm) 
G-Force (G) Stress (MPa) 
40 85.37 0.91 
50 98.66 1.01 
60 114.15 1.11 
80 132.08 1.22 
90 140.02 1.27 
100 142.55 1.34 
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?" 4.2 )')%,)$ *"ก)%,' ",ก"กกกก
 กกกกกก$' 
 
4.1.2 ก

ก
กกก!#
$?$#
 
กกกกก ก+&.$$.$
กกก;* ")%,?%ก %$.$S<;*"กกก'ก 
40, 50, 60, 80, 90  100 cm ก"#$" 4.2  ?" 4.3 
 
" 4.2  ",ก"กกกกก กกกก
กก$.$ 
Maximum Value 
Height (cm) 
G-Force (G) Stress (MPa) 
40 42.86 0.62 
50 47.26 0.73 
60 52.19 0.83 
80 67.25 0.98 
90 75.72 1.07 
100 80.41 1.13 
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?" 4.3 )')%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ก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4.1.3 ก

ก
กกก!#
$#
 
กกกกก ก+&.$$$
กกก;* ")%,?%ก %$$S<;*"กกก'ก 
40, 50, 60, 80, 90  100 cm ก"#$" 4.3 ?" 4.4 
 
" 4.3  ",ก"กกกกก กกกก
กกก$$ 
Maximum Value 
Height (cm) 
G-Force (G) Stress (MPa) 
40 19.54 1.89 
50 25.79 2.17 
60 31.71 2.40 
80 45.11 3.29 
90 53.12 3.80 
100 59.83 4.21 
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?" 4.4 )')%,)$ *"ก)%,' ",ก"กกกก
 กกกกกก$$ 
 
4.1.4 ก

ก
กกก!#
$$ 
กกกกก ก+&.$$
กกก;* ")%,?%ก %$S<;*"กกก'ก 
40, 50, 60, 80, 90  100 cm ก"#$" 4.4 ?" 4.5 
 
" 4.4  ",ก"กกกกก กกกก
กกก$ 
Maximum Value 
Height (cm) 
G-Force (G) Stress (MPa) 
40 67.01 0.71 
50 77.45 0.80 
60 89.61 0.87 
80 103.69 0.96 
90 109.91 1.00 
100 111.90 1.05 
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?" 4.5 )')%,)$ *"ก)%,' ",ก"กกกก
 กกกกกก$ 
 
4.1.5 ก

ก
กกก!#
$?$#
 
กกกกกก ก+&.$
$.$กกก;*,)%,ก'กกกกกก
กA"#$ก'%,$$ ก'%)*)%,?"%ก$.$S<;*"
กกก'ก 40, 50, 60, 80, 90  100 cm $ก..$ %ก
$.$ 2  %ก 'ก[$,, 45 @ก% +&ก"#$
" 4.5  ?" 4.6 
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" 4.5 ",ก"กกกกก กกกก
กกก$.$ 
Maximum Value 
Height (cm) 
G-Force (G) Stress (MPa) 
40 37.29 0.32 
50 47.51 0.38 
60 53.08 0.42 
80 65.46 0.46 
90 71.26 0.47 
100 76.09 0.50 
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?" 4.6 )')%,)$ *"ก)%,'",ก"กกกกก
 กกกกกก$.$ 
 
4.1.6 ก

ก
กกก!#
$#
 
กกกกก$$,กA)$&กกกก
กก$.$)* )%,?กกกกก%ก %$$
S<;*"กกก'ก 40, 50, 60, 80, 90  100 cm  %ก$$
  
58 
 2  %ก 'ก[,, 45 @ก% ><";\"#$กก
" 4.6  ?" 4.7 
 
" 4.6 ",ก" กกกกก กกกก
กกก$$ 
Maximum Value 
Height (cm) 
G-Force (G) Stress (MPa) 
40 43.76 1.26 
50 54.69 1.36 
60 67.36 1.44 
80 84.22 1.52 
90 95.34 1.61 
100 100.71 1.74 
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?" 4.7 )')%,)$ *"ก)%,'",ก"กกกกก
 กกกกกก$$ 
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4.1.7 ก

ก
กกก$! 
กกกกก ก+&.$% "
กกก;*,กA)$&กกกกกก$.$$$ 
)*)%,?%ก% "S<;*"กกก'ก 40, 50, 60, 80, 90 
 100 cm  %ก% " 2  %ก'ก[,, 45 @ก%
 ก"#$" 4.7  ?" 4.8 
 
" 4.7  ",ก"กกกกก กกกก
กกก% " 
Maximum Value 
Height (cm) 
G-Force (G) Stress (MPa) 
40 27.64 0.63 
50 32.33 0.76 
60 37.85 0.89 
80 48.36 1.06 
90 55.33 1.23 
100 61.99 1.41 
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?" 4.8 )')%,)$ *"ก)%,'",ก"กกกกก
 กกกกกก% " 
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4.1.8 ก

ก
กกกEE 
กกกกก ก+&.$,,ก
กก;* ")%,?%ก,,S<;*"กกก'ก 40, 50, 60, 80, 
90  100 cm ก"#$" 4.8  ?" 4.9 
 
" 4.8 ",ก" กกกกก กกกก
กกก,, 
Maximum Value 
Height (cm) 
G-Force (G) Stress (MPa) 
40 34.97 0.47 
50 38.34 0.53 
60 44.15 0.57 
80 52.51 0.67 
90 58.34 0.71 
100 62.13 0.75 
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กกกก
 กกกกกก,, 
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4.2 ก
!"ก
กกก 
!!"ก 
กกกกก$%&)*"กกกก% &#$ก
กA&%กกกกกก$%&+ก,-'%&% ).                  
#/#  , COSMOSWorks2007 ก'%)*?กกกกก$' 
$.$ $$ $ $.$ $$ % " ,, ")%,? 40, 
50, 60, 80, 90  100 cm. ก @กกกก )%,?ก%ก
] ?" 3.17 S< %ก'กA ก$"กกก+&"
#$	'# 
4.2.1 ก
!"ก
กกก!#
$%
 
กก$%&)*"กกกก;*"%)' G-Force "ก <ก
 ก +&; )'",ก""ก <กกกกก$'"
)%,? 40, 50, 60, 80, 90  100 cm ก"#$" 4.9  ?" 4.10 
 
" 4.9   G-Force ",ก"กกกกก ก
กกกกก$' 
Height (cm) 40 50 60 80 90 100 
G-Force (G) 76.46 89.06 96.57 110.86 114.18 120.52 
 
0
25
50
75
100
125
150
20 30 40 50 60 70 80 90 100 110
Height (cm)
G-
Fo
rc
e (
G)
 
 
?" 4.10  )' G-Force ",ก"กกกกกก$'
 ก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4.2.2 ก
!"ก
กกก!#
$?$#
 
กก$%&)*"กกกก;*"%)' G-Force "ก <ก
 ก +&; )'",ก""ก <กกกกกก$.$"
)%,? 40, 50, 60, 80, 90  100 cm ก"#$" 4.10  ?
" 4.11 
 
" 4.10   G-Force (G) ",ก"กกกกก
 กกกกกก$.$ 
Height (cm) 40 50 60 80 90 100 
G-Force (G) 38.54 43.60 48.15 57.04 61.86 68.19 
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?" 4.11 )' G-Force ",ก"กกกกกก$.$
 ก 
 
4.2.3 ก
!"ก
กกก!#
$#
 
กก$%&)*"กกกก;*"%)' G-Force "ก <ก
 ก +&; )'",ก""ก <กกกกกก$$"
)%,? 40, 50, 60, 80, 90  100 cm ก"#$" 4.11  ?
" 4.12 
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" 4.11  G-Force ",ก"กกกกก ก
กกกกก$$ 
Height (cm) 40 50 60 80 90 100 
G-Force (G) 17.38 21.79 27.43 37.62 40.80 50.19 
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?" 4.12 )' G-Force ",ก"กกกกกก$$
 ก 
 
4.2.4 ก
!"ก
กกก!#
$$ 
กก$%&)*"กกกก;*"%)' G-Force "ก <ก
 ก +&; )'",ก""ก <กกกกกก$"
)%,? 40, 50, 60, 80, 90  100 cm ก"#$" 4.12  ?" 
4.13 
 
" 4.12  G-Force ",ก"กกกกก ก
กกกกก$ 
Height (cm) 40 50 60 80 90 100 
G-Force (G) 59.82 70.46 81.67 90.66 96.40 101.24 
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?" 4.13 )' G-Force ",ก"กกกกกก$ ก 
 
4.2.5 ก
!"ก
กกก!#
$?$#
 
กก$%&)*"กกกก;*"%)' G-Force "ก <ก
 ก +&; )'",ก""ก <กกกกกก$.$"
)%,? 40, 50, 60, 80, 90  100 cm ก"#$" 4.13  ?
" 4.14 
 
" 4.13  G-Force ",ก" กกกกก ก
กกกกก$.$ 
Height (cm) 40 50 60 80 90 100 
G-Force (G) 33.40 40.43 47.97 58.39 61.74 65.20 
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?" 4.14 )' G-Force ",ก"กกกกกก$.$
 ก 
 
4.2.6 ก
!"ก
กกก
ก!#
$#
 
กก$%&)*"กกกก;*"%)' G-Force "ก <ก
 ก +&; )'",ก""ก <กกกกก$$"
)%,? 40, 50, 60, 80, 90  100 cm ก"#$" 4.14  ?
" 4.15 
 
" 4.14  G-Force ",ก" กกกกก ก
กกกกกก$$ 
Height (cm) 40 50 60 80 90 100 
G-Force (G) 39.37 47.46 60.15 68.70 80.96 84.91 
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?" 4.15 )' G-Force ",ก"กกกกกก$$
 ก 
 
4.2.7 ก
!"ก
กกก
ก$! 
กก$%&)*"กกกก;*"%)' G-Force "ก <ก
 ก +&; )'",ก""ก <กกกกกก% ""
)%,? 40, 50, 60, 80, 90  100 cm ก"#$" 4.15  ?
" 4.16 
 
" 4.15  G-Force ",ก" กกกกก ก
กกกกก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Height (cm) 40 50 60 80 90 100 
G-Force (G) 24.50 28.93 33.92 39.62 47.05 51.19 
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 ก
กกกกก,, 
Height (cm) 40 50 60 80 90 100 
G-Force (G) 30.26 34.57 41.73 46.45 49.82 54.32 
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" 4.17 )')%,))*" (% error) )' G-Force กกกก
กกก ก 
G
EG
!FGH$ (%)  G-Force 
กก
!"ก

 J
ก
 
กกก 40 cm 50 cm 60 cm 80 cm 90 cm 100 cm 
  $' 11.65 10.78 16.21 19.14 22.63 18.28 
  $.$ 11.20 8.39 16.70 17.89 22.41 19.93 
  $$ 12.46 18.34 15.62 19.91 30.19 20.37 
  $ 12.01 9.93 9.72 14.37 14.01 10.53 
  $.$ 11.63 12.50 10.65 12.10 15.41 16.70 
  $$ 11.14 15.24 11.99 22.59 17.76 18.60 
  % " 12.81 11.76 11.58 22.07 17.60 21.09 
  ,, 13.55 10.90 5.79 13.06 17.09 18.38 
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;%' )'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
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ก)%,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,กA)%,ก'กก+&-'%
กกกกก")%,? 40, 50  60 cm )'*"ก)%,'"
#$ก 2 % \,)')%,ก'"$&ก%',*"&ก)%,?กกกก" 80, 
90  100 cm " 4.17 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*"ก)%,'"ก <)%,? 40, 50, 60, 80, 90  100 cm ก
กกกก&?'-'%  19.54 G i 85.37 G, 25.79 G i 98.66 G, 31.71 G i 114.15 G, 45.11 
G-132.08 G, 53.12 G i 140.09 G  60.41 G i 142.55 G , )'*"ก)%,'
กกกกกกก)%,? 40, 50, 60, 80, 90  100 cm &?'-'% 
17.38 G i 67.46 G, 21,76 G i 89.06 G, 27.43 G i 96.57 G, 37.62 G i 110.86 G, 40.80 G i 114.18 
G  50.19 G i 120.52 G , 
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)*+ (rpm) )*+ (Hz) )**12 (Hz) % Error 
1000 16.6667 16.7009 0.205 
1088 18.1333 18.1367 0.019 
1112 18.5333 18.5422 0.048 
1160 19.3333 19.3391 0.030 
1185 19.7500 19.7363 0.069 
1213 20.2167 20.2219 0.026 
1234 20.5667 20.5214 0.220 
1283 21.3833 21.3829 0.002 
1310 21.8333 21.8289 0.020 
1323 22.0500 22.0749 0.113 
1345 22.4167 22.4119 0.021 
1369 22.8167 22.8095 0.031 
1383 23.0500 23.1107 0.263 
1418 23.6333 23.658 0.104 
1448 24.1333 24.1418 0.035 
1477 24.6167 24.5979 0.076 
1545 25.7500 25.7023 0.185 
1564 26.0667 26.1214 0.210 
1622 27.0333 27.0406 0.027 
1725 28.7500 28.7657 0.055 
1778 29.6333 29.6248 0.029 
1823 30.3833 30.3796 0.012 
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)*+ (rpm) )*+ (Hz) )**12 (Hz) % Error 
1918 31.9667 31.9755 0.028 
1966 32.7667 32.7559 0.033 
2019 33.6500 33.649 0.003 
2061 34.3500 34.3759 0.075 
2113 35.2167 35.2122 0.013 
2158 35.9667 35.9793 0.035 
2206 36.7667 36.7803 0.037 
2308 38.4667 38.4454 0.055 
2405 40.0833 40.0994 0.040 
2503 41.7167 41.7339 0.041 
2601 43.3500 43.3408 0.021 
2808 46.8000 46.8073 0.016 
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